Abstract: Vegetation restoration plays a significant role in the restoration of expressways in the arid zone of China, but we still do not know which soil and vegetation types are most effective. We investigated soil particle size (SPZ), volume weight of the soil (VWS), soil water content (SWC), total porosity of soil (TP), soil organic matter (SOM), water erosion (W r E), and wind erosion (W d E) of eight sites (S1-S8) and evaluated them using the gray correlation method (GCM). Based on our results, the average SWC of the treatments ranged from 9.6% to 18.8%, following the order S4 > S5 > S8 > S6 > S3 > S7 > S1 > S2. The average SPZ of soils in S1, S2, S4, S5, S6, and S8 was larger, ranging from 0.23 to 0.68 mm, while that of soils in S3 and S7 was smaller, ranging from 0.01 to 0.09 mm. The TP in different treatment areas ranged from 50% to 60%, which is not conducive to soil and water conservation. The SOM levels varied widely among the different soils and were always below the threshold levels established by the second National Soil Census, rendering the soils not suitable for plant growth. The W r E (36-80 t/ha) was greater than the W d E (7-24 t/ha). In general, to achieve high soil and water conservation outcomes in this area, S1 and S7 offered the best protection benefits in terms of soil and water conservation.
Introduction
The construction of expressways inevitably destroys the surface vegetation, leading to significant ecological problems such as soil erosion and landscape degradation [1] [2] [3] . In this sense, vegetation restoration along expressways is crucial to stabilize the roadbed, improve the road environment, and enhance the aesthetic properties of such areas [4] [5] [6] . During construction, the soil structure is largely destroyed; the surface soil in the cutting slope was mixed with gravel, parent material, and, in some cases, even rocks [7] . As a result, the surface temperature difference between day and night is relatively high, physical weathering is extreme, and evaporation is high; consequently, precipitation easily initiates runoffs [8, 9] .
In this sense, vegetation restoration along expressways is challenging. Previous studies have taken a series of measures to restore expressway slopes. The traditional forms of slope vegetation protection include grass planting [10] , three-dimensional vegetation networks [11] , masonry stone wall establishment [12] , skeleton grass planting [13] , vine plant protection [14] , and geogrid grass planting [15] . Slope grass planting is characterized by a low survival rate, high maintenance costs, and the frequent degradation of grass seeds, while shrub planting is restricted by the water and 
Materials and Methods

Experimental Design
Because the soil and vegetation were completely destroyed during the construction of roads and slopes, the developers filled the slopes with soil and planted shrubs to restore the ecological environment. During the implementation of the project, four kinds of soils, including weathered rock soil, coarse silty soil, collapsible loess, and liquefaction soil of saline soil with sandy soil were filled ( Figure 2 ), and two plant species (H. rhamnoides Linn. and C. korshinskii) were planted. To determine which soil and vegetation allocation provided better soil and water conservation benefits, eight representative treatment areas were selected according to the actual situation of the project area. Specific information on the soil and vegetation allocation in each treatment area is shown in Table 1 . 
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Because the soil and vegetation were completely destroyed during the construction of roads and slopes, the developers filled the slopes with soil and planted shrubs to restore the ecological environment. During the implementation of the project, four kinds of soils, including weathered rock soil, coarse silty soil, collapsible loess, and liquefaction soil of saline soil with sandy soil were filled (Figure 2 ), and two plant species (H. rhamnoides Linn. and C. korshinskii) were planted. To determine which soil and vegetation allocation provided better soil and water conservation benefits, eight representative treatment areas were selected according to the actual situation of the project area. Specific information on the soil and vegetation allocation in each treatment area is shown in Table 1 . Figure 2. Filled soil in the different treatments: S1 and S5 were the weathered rock soil; S2 and S6 were the coarse silty soil; S3 and S7 were the collapsible loess; S4 and S8 were the liquefaction soil of saline soil with sandy soil.
Soil Sample Collection
All samplings and erosion observations were performed in 2013. For the eight treatments along the expressway, nine sampling points were selected for each treatment. At each sampling point, soil samples were collected from the undisturbed original slope surface using a ring knife at depths of 0-20 cm, 20-40 cm, 40-60 cm, and 60-80 cm. The samples were brought to the laboratory to determine the volume weight of soil (VWS) and total porosity (TP). Additional soil samples were collected using an aluminum box to measure the soil moisture content (SWC) at the four soil depths, using the dry weighing method [23] , and to determine soil organic matter levels via the potassium dichromate method [24] . Three soil samples were collected from each soil layer for each analysis.
Determination of Soil Physical Properties
Total Soil Porosity
To measure soil porosity, we opened the lower cover of the ring knife (with the mesh end), put it onto filter paper, and immediately weighed the sample (m1). Subsequently, we removed the upper cover of the ring cutter and placed the mesh end of the ring cutter into the basin. The height of the water layer in the bowl was up to the edge of the knife (not submerged). After 12 hours of water absorption, we removed the ring knife, covered the lid, and weighed the sample again (m2). After weighing, the ring cutter (bottom end of the mesh) was placed in a flat pan with dry sand and weighed (m3) after 12 h. After weighing, the ring knife (mesh side down) was placed in a flat pan again and weighed (m4) immediately after infiltration for 12 h. The weighed ring knife cover was opened, placed in an oven at 105 °C for 24 h, covered, and weighed (m5). Subsequently, soil porosity was calculated as follows:
where P is total porosity (g/cm 3 ) and v is the volume of the ring cutter.
Volume Weight of The Soil
The VWS was measured using the ring knife method [25] . We ensured that the soil in the ring cutter was not disturbed during each operational step. The ring cutter with the soil sample was placed in an oven at 105 °C and dried to constant weight; afterwards, the ring knife with soil samples (m1j) and the soil samples (m2j) were weighed separately, and the VWS was calculated as follows: Filled soil in the different treatments: S1 and S5 were the weathered rock soil; S2 and S6 were the coarse silty soil; S3 and S7 were the collapsible loess; S4 and S8 were the liquefaction soil of saline soil with sandy soil.
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The VWS was measured using the ring knife method [25] . We ensured that the soil in the ring cutter was not disturbed during each operational step. The ring cutter with the soil sample was placed in an oven at 105 • C and dried to constant weight; afterwards, the ring knife with soil samples (m 1j ) and the soil samples (m 2j ) were weighed separately, and the VWS was calculated as follows:
where the v is the volume of the ring cutter, and J = 1, 2, and 3 is the repeat number of the same soil layer.
Soil Organic Matter
We used the potassium dichromate oxidation-external heating method to determine soil organic matter (SOM). Briefly, the soil mixture is boiled with potassium dichromate oxidizer and sulfuric acid (95%) in an oil bath at 170-180 • C for 5 min. The carbon in the SOM was oxidized to carbon dioxide by potassium dichromate, while the hexavalent chromium in the potassium dichromate was reduced to trivalent chromium. The remaining potassium dichromate was then titrated with standard solution of ferrous oxide. According to the amount of ferrous sulfate consumed by potassium dichromate before and after oxidation of organic carbon, the content of organic carbon was calculated and converted into SOM.
Soil Erosion
During the observation period, runoff barrels were used to collect runoff and sediment samples in the eight treatment plots. Weighing-sedimentation-drying-weighing and sampling-drying-weighing were used to correct the runoff and sediment yields, respectively. Hydraulic erosion per hectare was obtained through the area of the plot [26] . Secondly, wind erosion was measured via the cutting method [27] . The first choice is to record the depth of cutting, measure the change depth of cutting after the observation period, and, finally, calculate the wind erosion.
Evaluation of Benefits of Soil and Water Conservation of Different Treatments by the GCM
Here, X 0 is the reference series and X i the comparison series. The value of the reference series represents the maximum value of each test indicator. First, we calculated the absolute value of the difference between each corresponding point of comparison sequence X i and reference sequence X 0 , and the GCM was evaluated as follows:
When using this approach, the actual value of each index must be converted into an evaluation value, and the original data should be processed without a dimension, according to the reference series data. On the one hand, the influence brought by each index dimension should be removed [28] ; however, on the other hand, this indicator can also reflect the relative dominance of the community.
We used the formula X i (k) = original data sequence/reference data sequence to perform non-dimensionalization, reducing all data return to the [0,1] interval.
Subsequently, we determined the second-order maximum difference and the second-level minimum difference and calculated the correlation coefficient:
where ξ i (k) represents the relative value of the k point comparison curve (X i ) and the reference curve (X 0 ); that is, the X i 's correlation coefficient of X o at point k. When ∆0, i(k) represents the absolute value of the X 0 sequence and the X i sequence at the k point, 1 ≤ i ≤ m, m was positive; ∆min and ∆max, respectively, represent the minimum and maximum values of the absolute difference of all comparison points in each point; ρ is the resolution coefficient ranging from 0-1. Here, ρ was artificially set to 0.5 (the artificial coefficient for qualitative analysis) to weaken the distortion effect caused by the excessively large maximum value to increase the significance of the difference between the correlation coefficients:
where r i indicates the degree of gray correlation; ξ indicates the gray correlation coefficient.
To measure the importance of each index more realistically and objectively, the coefficient of variation W i was calculated using the coefficient of variation method:
Subsequently, we calculated the gray comprehensive evaluation value G (k) with the correlation degree value:
Statistical Analysis
Statistical analyses were performed using the software package SPSS 16.0. Descriptive statistics was used to calculate the mean and standard deviations for each set of replicates. First, a two-way ANOVA was used to analyze the differences in the SOM and SWC (n = 27 for each soil stratum), with treatment and soil depth as the independent factors. Two-way ANOVA was also used to analyze the differences in the SPT (n = 27 for each soil stratum), with treatment and soil particle size as independent factors. One-way ANOVA was also performed to test the effects of VWS, TP, W r E, and W d E on all treatments. All data were tested for normal distribution and homogeneity of variance analysis, meeting the requirements of variance analysis.
Results and Discussion
Basic Meteorological Characteristics
The study area is a temperate continental monsoon climate region, with an annual average precipitation of 384.02 mm. In 2013, average precipitation reached 418.7 mm, which was 9.03% higher than annual average precipitation ( Figure 3 ). Precipitation from June to September was 296.1 mm, accounting for 70.71% of the total precipitation. Daily average precipitation was 1.14 mm, and maximum precipitation was 45.9 mm on September 9. During 2013, average daily temperature was 2.1 • C, with a single-peak "convex" pattern with seasonal changes. This gradually increased from January to July, reaching a maximum of 26.7 • C on July 30. After this peak, temperatures gradually decreased. The average daily wind speed was 1.04 m/s, with distinct differences between the seasons. 
Weight Percentage of Soil Particle Size Under Different Treatments
Previous studies have stated that with decreasing soil particle diameter, the soil cohesiveness gradually increased [29] [30] [31] . According to the international classification standard of particles, when a particle of a sample has a diameter of 2-64 mm, it is called "gravel" [32] . In our study, the 
Previous studies have stated that with decreasing soil particle diameter, the soil cohesiveness gradually increased [29] [30] [31] . According to the international classification standard of particles, when a particle of a sample has a diameter of 2-64 mm, it is called "gravel" [32] . In our study, the distribution of the particle size of the samples greatly varied among the different treatments (Figure 4) . Site S2 contained the largest amount of gravel among all treatments, accounting for 25.35%. In the other treatments, the proportion of gravel was smaller, or gravel was completely absent. Particles with a diameter of 0.05-1 mm were most abundant in S8, with a significant difference when compared to the other treatments (p < 0.05). The weight percentages of d = 0.05-1 mm were 48.86%, 35.18%, 41.35%, 50.28%, and 61.72%, respectively, for the treatments S1, S2, S3, S7, and S8, which were significantly higher than those for the other particle size compositions (p < 0.05). The proportions of particles with a diameter of <0.005 mm were 39.52% and 38.65%, respectively, in the treatments S4 and S5, which were significantly higher than those in the other treatments (p < 0.05). Lu et al. also found that the size of the soil particles in the soil matrix differed; this was not only the case for the surface soil layers, but also for soil porosity in general [33] . Sandy soil contains coarse gravel and has a high soil porosity. On the contrary, the permeability of loam or clayey soil is lower than that of sandy soil, facilitating surface runoff [34] . Soil particle size and runoff are closely related, and a favorable soil particle size composition can effectively maintain water, nutrients, and organic matter [35] . According to our results, most of the particles with a diameter of more than 2 mm retain the original mineral composition of the parent rock. There are few available mineral nutrients, and the ability to absorb water was also poor. When the content of gravel in the soil exceeds 20% of the total volume of sample, changes in the temperature of the sample will be aggravated, and the water-holding capacity of the soil will be reduced [36] . 
Variations in Volume Weight of the Soil and Total Porosity under Different Treatments
The volume weight of the soil (VWS) can be used as an indicator of soil solidity under certain conditions. At the same soil texture, soil with a low volume weight is relatively loose, while soil with a high VWS tends to be firm [36] . Generally, VWS varies greatly with soil texture, structure, and tightness [37] . Total porosity (TP) represents the percentage of soil porosity of the total soil volume. The amount of soil pores is related to the water permeability, air permeability, thermal conductivity, and compactness of the soil [38] . In our study, VWS and total porosity differed among the different treatments ( Figure 5 ). The VWS was highest in S8, reaching 1.60 g/cm 3 , and lowest in S3, with a value of 1.34 g/cm 3 , with a difference of 19.4%. The VWS of S1 was 1.54 g/cm 3 , with no significant difference between S1 and S7 (p > 0.05). The VWS values of S2 and S4 were 1.47 and 1.46 g/cm 3 , respectively, also without a significant difference (p > 0.05). The VWS values of S1 and S8 were lager, 
The volume weight of the soil (VWS) can be used as an indicator of soil solidity under certain conditions. At the same soil texture, soil with a low volume weight is relatively loose, while soil with a high VWS tends to be firm [36] . Generally, VWS varies greatly with soil texture, structure, and tightness [37] . Total porosity (TP) represents the percentage of soil porosity of the total soil volume. The amount of soil pores is related to the water permeability, air permeability, thermal conductivity, and compactness of the soil [38] . In our study, VWS and total porosity differed among the different treatments ( Figure 5 ). The VWS was highest in S8, reaching 1.60 g/cm 3 , and lowest in S3, with a value of 1.34 g/cm 3 , with a difference of 19.4%. The VWS of S1 was 1.54 g/cm 3 , with no significant difference between S1 and S7 (p > 0.05). The VWS values of S2 and S4 were 1.47 and 1.46 g/cm 3 , respectively, also without a significant difference (p > 0.05). The VWS values of S1 and S8 were lager, while those of S3 and S5 were smaller, indicating a low soil compactness of S3 and S5, which is more suitable for plant growth. The TP values of S3, S5, and S8 were relatively high with 59.12%, 58.97%, and 58.97%, respectively, while that of S4 was 53.12% and therefore smaller than the values found for S3, S5, and S8. Generally, the TP ranged between 50% and 60%, and the texture was loose, which may not be conducive to water and fertilizer conservation. 
Variations in Soil and Water Content and Soil Organic Matter under Different Treatments
The soil water content (SWC) is mainly affected by both precipitation and evaporation [39] . In our study area, SWC and SOM levels differed greatly among the different treatments, most likely because of the inherent soil characteristics. The SWC levels increased with increasing soil depth, which might be explained by the high evaporation of the surface soil, resulting in low water content. However, SOM levels decreased with increasing soil depth ( Figure 6 ). This, owing to these surface soil layers, can easily be supplemented with organic matter. The changes in SWC among treatments ranged from 9.6% of the average SWC of S2 to 18.8% of the average SWC of S4. The average SWC of S4 was twice the average SWC of S2. The average SWC levels of S1, S3, S5, S6, S7, and S8 were 10.3%, 14.5%, 17.9%, 14.8%, 12.7%, and 16.3%, respectively, following the order S4 > S5 > S8 > S6 > S3 > S7 > S1 > S2. The average SOM level of S8 was 0.40%, which was highest than in the other treatments, but still relatively low when compared with the lowest Grade 6 of the second National Soil Census and related standards (<0.6%) [40] . The average SOM content of S6 was 0.17%, which was 57.5% lower than that of S8. The average SOM levels of S1, S2, S3, S4, S5, and S7 were 0.23%, 0.25%, 0.23%, 0.20%, 0.19%, and 0.22%, respectively, following the order S8 > S2 > S1 > S3 > S7 > S4 > S5 > S6. The nutrient contents of the treatments were relatively low, without SOM, and the soils are therefore not suitable for the growth of newly transplanted. Most shrub species, when transplanted into a new environment, require adequate SOM levels to adapt and grow, in contrast to naturally growing shrubs, which have adapted to these environments through natural selection. 
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Variation in Soil Erosion under Different Treatments
During the observation period, the water erosion (WrE) of the different treatments varied because of the different soil properties. Throughout the study area, water erosion was greater than wind erosion (WdE), ranging between 36 and 80 t/ha, while WdE was between 7 and 24 t/ha ( Figure  7 ). According to the classification of soil erosion intensity in China (SL190-2007), this area is moderately affected by soil erosion. The average WrE of S4 was the largest (69.70 t/ha), while that of S3 was the smallest (39.70 t/ha). The WrE of S3 was 43.03% lower than that of S4. The WE values of S2, S6, and S7 were relatively similar and reached about 50 t/ha. In S3 and S4, wind erosion was lower (8.10 and 8.63 t/ha, respectively), while at S7 and S8, it was higher (21.91 and 21.75 t/ha, respectively). The WdE values of S7 and S8 were 2.70 and 2.52 times higher than those of S3 and S4, respectively. We found no significant differences in WdE among S1, S2, S5, and S6 (p > 0.05). With increasing soil porosity, WrE gradually decreased; generally, these two factors are not correlated [41] . The larger porosity of the surface soil facilitated the infiltration of runoff on the slope, thereby reducing runoff on the slope and the scouring force of runoff on the surface soil [42] . At the same time, the infiltration water also increased the erosion resistance of the surface soil [43] . Although there were numerous factors affecting slope surface erosion, and the interaction among them is more complex, in general, the pore size of the surface soil plays a role in inhibiting surface erosion. 
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Evaluation of Different Soil and Water Conservation Measures Using the GCM
The results of comprehensive evaluations can directly reflect the effects of soil and water conservation measures [22, 44, 45] . The order of gray comprehensive evaluation values in the eight conditions was as follows: S1 (0.7593) > S7 (0.6995) > S3 (0.6656) > S8 (0.6516) > S5 (0.6485) > S2 (0.6385) > S4 (0.6377) > S6 (0.6194) ( Table 2 ). This indicates that in S1, the soil and water conservation benefits were highest, suggesting the use of this soil in restoration programs in this area. Basically, these results lead us to infer that weathered rock soil and collapsible loess can be used when repairing slopes. In terms of plant species, C. korshinskii and H. rhamnoides Linn. were planted separately to achieve the best soil and water conservation benefits. The gray comprehensive evaluation values of each index were VWS (0.7376) > TP (0.7284) > SPZ (0.7233) > SWC (0.5777) > SOM (0.466) > W r E (0.4294) > W d E (0.369). The relationship between soil bulk density and total porosity was the most significant one, indicating that soil porosity and soil bulk density have the greatest impact on the effect of soil and water conservation measures. When repairing slopes, organic fertilizer can be applied to enhance plant growth and improve soil conditions. Additionally, adequate irrigation is necessary to support plant development. Table 2 . Correlation degrees and correlation coefficients of each evaluation index. SPZ, VWS, TP, SWC, SOMC, W r E, W d E, and G (k) represent soil particle size, volume weight of the soil, soil water content, total soil porosity, soil organic matter, water erosion, wind erosion, and gray comprehensive evaluation value, respectively. The parameter ri and Wi indicate the degree of gray correlation and the coefficient of variation, respectively. 
Treatments
Conclusions
We observed significant differences in soil and water conservation benefits among different soil types and two shrubs species. When the gravel content of the soil exceeded 20% of the total soil volume, the changes in soil temperature are aggravated, resulting in a reduced water holding capacity. Based on the soil porosity in the area, water and organic matter conservation are not optimal, and in some sites, the soil condition was not suitable for plant growth. Although we found relatively different organic matter levels in the experimental sites, all levels were beyond the threshold values established by the second National Soil Census. Based on the poor water and organic matter status, plant growth is severely limited. Soil erosion resistance varied greatly among the different sites, and slope protection is crucial to ensure soil and water conservation in this area. The results of the comprehensive evaluation value indicate that the sites of S1 and S7 provide the best soil and water conservation benefits. This also shows that the region can achieve high soil and water conservation benefits through the two allocation modes for slope protection. Weathered rock soil and collapsible loess can be filled in to protect slopes in this area, and subsequently, the two shrub species C. korshinskii and H. rhamnoides Linn. can be planted separately to achieve optimum protection and to conserve soil and water. 
